Objective Rapid eye movement (REM)-related sleep disordered breathing (SDB) is an entity in which the cessation or reduction of breathing occurs primarily during the REM period. Most studies have shown that REM-related SDB more frequently affects women, younger people and patients with mild or moderate SDB. The aim of this study was to prospectively investigate the prevalence and features of REM-related SDB in Japanese subjects compared with the findings of previous reports. Methods A total of 468 patients were evaluated in this study. The diagnosis of SDB was established using polysomnographic monitoring. The patient variables included age, gender, body characteristics, comorbidities, etc.
Introduction
Obstructive sleep apnea syndrome (OSAS) is the most common type of sleep disordered breathing (SDB), affecting between 2% and 4% of adults in developed nations (1, 2) . It is generally acknowledged that rapid eye movement (REM)related SDB is an entity involving the partial or complete cessation of breathing mainly during the REM period (3) . However, it remains to be elucidated why some patients experience breathing cessation primarily during REM period. REM sleep has been shown to induce a rise in the sympa-thetic nerve activity and instability of the cardiovascular system, processes that are accelerated by obstructive apnea and hypopnea during the REM period in patients with OSAS, thus leading to increased cardiovascular risks (4, 5) . Indeed, a recent study demonstrated a cross-sectional and longitudinal correlation between REM OSAS and hypertension (6) . Most studies have shown that REM-related SDB more often affects women, younger people and patients with mild or moderate, rather than severe, airway obstruction (3, (7) (8) (9) . However, in daily clinical practice, REM-related SDB appears to also affect men and older patients, suggesting that REM-related SDB may have different clinical features in the Japanese population from that seen in other ethnic groups. Despite the findings of numerous studies concerning REMrelated SDB, little is currently known about this type of SDB in Asian populations, since most reports have focused on the features of REM-related SDB only in Caucasian and African-American populations.
It has been demonstrated that obesity is less prevalent and less epidemic in Far-East Asian men than in Caucasians, despite the presence of severe OSAS in the former group (10) . Moreover, a cephalometric analysis showed that the cranial base dimensions of Far-East Asian men are significantly smaller than those of Caucasians (10) . These results suggest that racial differences in the susceptibility to obesity and the craniofacial anatomy may differentiate the features of REMrelated SDB in the Japanese population from that noted in non-Asian populations.
As mentioned above, we believe that REM-related SDB is clinically important and should be assessed separately. The aim of this study was therefore to investigate the prevalence and features of REM-related SDB in the Japanese population in comparison with that observed in previous reports.
Materials and Methods

Study subjects
From September 2006 to March 2013, 472 suspected OSAS patients (361 men and 111 women) referred for clinical sleep evaluations at Chiba University Hospital were enrolled in this study. The diagnosis of OSAS in all patients was established using polysomnographic monitoring based on a documented apnea hypopnea index (AHI) of ! 5 events per hour. The study inclusion criteria were as follows: 1) an age of ! 18 years; 2) an AHI of ! 5/h and 3) a total sleep time of ! 100 minutes and REM sleep time of ! 10 minutes (9) . A total of 468 patients were finally included and evaluated in this study. The patient variables evaluated in the analysis included age, gender, height, weight, body mass index [BMI (in kilograms per meter squared)], Epworth sleepiness scale (ESS) (11) and comorbidities, with a focus on cardiovascular, psychiatric and lung diseases as well as metabolic disorders.
Venous blood samples were collected for the biochemical analyses on the day of hospital admission. According to Japanese legislation, written informed consent is not required for retrospective data collection in this type of research. However, the patient database was anonymized and managed according to the restrictive requirements of the Ministry of Health, Labour and Welfare, dedicated to privacy, information technology and civil rights in Japan. The Ethics Committee of Chiba University Hospital approved the study protocol.
Polysomnography
Overnight polysomnography (PSG) was performed using a digital polysomnographic monitor (E Series, Compumed-ics, Victoria, Australia). The PSG device monitors many biophysiological changes and includes the findings of electroencephalography (EEG) (C4-A2, C3-A1, O2-A1, O1-A2), bilateral electrooculography (EOG), submental and bilateral anterior tibial electromyography (EMG), ECG, thoracoabdominal piezoelectric belts for respiratory effort, a nasal pressure cannula for the nasal airflow, a thermistor for the nasal and oral flow, finger pulse oximetry, a neck microphone to record snoring and a sensor on the thoracic belt to assess body posture. The 3% oxygen desaturation index is the number of times per hour of sleep involving oxygen desaturation of ! 3% from baseline, as measured with finger pulse oximetry.
The biophysiological changes on the PSG device were evaluated using the 2007 American Academy of Sleep Medicine Manual for the Scoring of Sleep and Related Events scoring system (12) . Apnea was recorded as the cessation of airflow for at least 10 seconds, and hypopnea was defined as a ! 50% reduction in airflow for at least 10 seconds associated with either oxygen desaturation of ! 3% measured with finger pulse oximetry or a microarousal (12) . The AHI was defined as the number of apneas and hypopneas divided by the total sleep time. The AHI-NREM and AHI-REM were defined as the number of apneas and hypopneas during NREM sleep (stages I to IV) divided by the total NREM sleep time and during REM sleep divided by the total REM sleep time, respectively.
According to the definitions of REM-related SDB previously reported in the literature (3), we defined three different criteria for this condition, as follows. The common criterion was an overall AHI of ! 5 and AHI-REM/AHI-NREM of ! 2. Definition #I satisfies the common criterion. Definition #II satisfies the criterion of an AHI-NREM of <15 in addition to the common criterion. Definition #III satisfies the criterion of an AHI-NREM of <8 and at least 10.5 minutes of REM sleep in addition to the common criterion.
Statistical analysis
The data were analyzed using the JMP 9.0.0 software program (Japanese version, SAS Institute Japan, Tokyo, Japan) and the Excel-Toukei 2010 software program (Social Survey Research Information, Tokyo, Japan). All results are expressed as the number or percentage for categorical variables and the mean ± SD for continuous variables. Continuous variables that were normally distributed and not normally distributed were compared using Student's t-test and the Mann-Whitney U-test, respectively. A p value of less than 0.05 was considered to be statistically significant.
Results
Of the 472 patients referred for clinical sleep evaluations, 468 subjects with SDB (99.2%) were initially enrolled in this study. As shown in a previous report (3), we applied definition #II to compare the features of the patients with REM-related SDB to those of the patients with non-REM- (15. 0±8.0 vs. 54.9±35.9; p<0.001) than the patients with non-REM-related SDB. Moreover, lower HbA1c levels were confirmed in the patients with REM-related SDB (5.5±0.9 vs. 5.9±2.6; p=0.018), although there were no statistically significant differences in the glu-cose, triglyceride or cholesterol levels between the two groups ( Table 1) .
The prevalence of REM-related SDB based on the different criteria (3) in the studied Japanese patient population ranged from 11.0% to 24.8%. When using definition #II, 83 patients were identified as having REM-related SDB. Table 2) .
There are various definitions of hypopnea as well as REM-related SDB cited in the previous literature. In fact, these different definitions of hypopnea have been shown to result in significantly different AHI values (13) . Therefore, the definitions of both REM-related SDB and hypopnea should be considered when comparing the features of patients with REM-related SDB among different races and even among different studies. In the current study, notwithstanding the differences in the hypopnea definitions, the overall and female gender prevalence of REM-related SDB was lower than that shown in previous reports, as summarized in Table 3 . Furthermore, the finding that REM-related SDB was not prevalent in younger individuals or severely obese patients (with an increased BMI) in the present study is not consistent with previous studies (3, 7, 9, 14) (Table 3 ).
Discussion
The current study demonstrated that REM-related SDB is more prevalent in women than non-REM-related SDB (female ratio; 33.7% vs. 20.5%, p=0.029), which is consistent with the results of previous reports (3, 8) . However, the difference in age between the two groups did not reach a level of statistical significance (53.0±17.0 vs. 55.3±14.8; p=0.25). In addition, our patients with REM-related SDB had lower BMI values than the patients with non-REM-related SDB (25.9±6.9 vs. 28.5±7.7; p=0.003). These findings do not agree with those of previous reports for non-Asian patients (3, 8) (Table 1 ). Previous reports have suggested that REM-related SDB may be the initial finding of early-stage SDB in younger individuals and women, as body weight gain and aging are associated with a decrease in the prevalence of REM-related SDB, in accordance with the increased prevalence of non-REM-related SDB (3, 9) . However, the present findings indicate that REM-related SDB may have different clinical characteristics in the Japanese population from that observed in non-Asian populations and may not be the initial step in sequentially progressive SDB.
Additionally, our patients with REM-related SDB had lower HbA1c levels than the patients with non-REM-related SDB (5.5±0.9 vs. 5.9±2.6; p=0.018), despite the fact that there were no statistically significant differences in the glucose, triglyceride or cholesterol levels (Table 1 ). It has been demonstrated in several reports that indexes of OSAS severity are associated with the HbA1c levels in patients with or without diabetes (15) (16) (17) (18) . In fact, our patients with REM- related SDB had less severe OSAS, with lower 3%ODI, 4% ODI, arousal index and AHI values (Table 1) . Therefore, these previous reports likely support our results; however, it is also plausible that the higher HbA1c levels in the patients with non-REM-related SDB are attributable to the higher BMI values observed in these patients, which may be related to insulin resistance and potentially result in postprandial hyperglycemia. In order to compare the features of REM-related SDB in the Japanese population to those noted in previous reports, we applied three definitions described in the Methods (3). We applied these definitions because it would be impossible to compare the features between different races using a single definition due to the variety of definitions cited in the previous literature. In the present study, the prevalence of REM-related SDB varied from 11.0% to 24.8% based on the three different definitions (3) ( Table 2 ). This range of prevalence rates appears to be lower than that seen in previous studies (3, 7, 9, 13) (Table 3) . Indeed, a two-fold decrease in the prevalence of REM-related SDB was observed in the analysis using the strictest definition (definition #III) ( Table 2 ). However, Conwell et al. suggested that this strict definition, which minimizes the contribution of AHI-NREM, appears to have a disadvantage in classifying REM-related SDB patients according to clinical variables and/or symptomatology (3). Moreover, they indicated that definition #I may not be effective for excluding patients significantly af-fected by SDB during NREM sleep (3) . Therefore, definition #II is considered to be the most clinically useful for defining REM-related SDB.
The current study demonstrated a lower prevalence of REM-related SDB in Japanese patients (Table 3) . Although the reason(s) for the lower prevalence of REM-related SDB in the Japanese population remains unknown, it is important to recognize that the patients in our study had lower BMI values than Caucasian or African-American populations ( Table 3 ). It has been demonstrated that a higher BMI is associated with the severity of oxygen desaturation. Moreover, oxygen desaturation resulting from a higher BMI is more obvious during REM sleep than non-REM sleep (19) . It may therefore be possible that the lower number of obese patients in the Japanese population is related to the observation of less severe oxygen desaturation, which may have resulted in a lower hypopnea index, thus accounting for the lower prevalence of REM-related SDB in the Japanese population (Table 3 ). However, because previous studies (3, 9) had higher female ratios than the current study (around 30-40% vs. 22.9%), the higher prevalence of REMrelated SDB in those studies may be attributable to the differences in the male to female ratio.
Although some features of REM-related SDB in this study were different from those described in previous reports, as summarized in Table 3 (Table 3 ). One study that evaluated the effects of the use of these different criteria in patients with suspected SDB showed that different percentages of patients were diagnosed with obstructive sleep apnea (OSA) based on the varying criteria (19) . In that study, approximately 25% of the patients who were previously evaluated to have OSA using the Chicago criteria would not have been diagnosed with OSA using the 2007 AASM definition (alternative) (19) . Therefore, the overall prevalence of REM-related SDB considered in the studies by Haba-Rubio et al. and The current findings demonstrated that REM-related SDB is less prevalent in the Japanese population than in Caucasian and African-American populations. The AHI values during the total sleep time (TST), however, tended to be higher in our Japanese patients than in Caucasians or African-Americans (Table 3) , indicating that Japanese patients with REM-related SDB have more severe SDB, despite the fact that there are fewer obese patients in the Japanese population. The severity of SDB in Japanese patients may be attributed to the characteristics of the craniofacial anatomy, rather than obesity. In fact, a cephalometric analysis recently showed that the maxillomandibular dimensions of Asian OSA patients are significantly smaller than those of white OSA patients (10, 20) , which may be a possible cause of pharyngeal airway obstruction during sleep. However, it should be considered that the higher total AHI values noted in the patients with non-REM-related SDB in this study may be attributable to the differences in the proportion of the REM/NREM time between the present and previous studies (3, 9) .
In previous studies, REM-related SDB was shown to be more prevalent in women than in men (3, (7) (8) (9) , as also observed in the present study. However, the female ratio among the patients with REM-related SDB in our Japanese population was much lower than that reported in previous studies, especially when using criteria II and III (Table 3) . Koo et al. (9) speculated that the higher prevalence of women may be attributed to the effects of sex hormones, which increase the tensioning force of the genioglossus, thereby preventing airway collapse (21) and possibly driving the ventilatory response toward hypoxia and hypercapnia (22) . REM sleep-dependent atonia is thought to decrease the effects of these hormones on the muscles of the upper airway, thus resulting in a predisposition to develop upper airway obstruction among women, especially during REM sleep (9) . In the Japanese population, however, the smaller maxillomandibular dimensions, rather than the actions of female hormones, may account for the unique gender prevalence of REM-related SDB, as the upper airway in Japanese patients, with smaller mandibles, may be more prone to collapse in the atonic REM period, and the mandible is smaller in women than in men.
There are several limitations to the present study that should be considered when interpreting the results. First, this study was an observational study at a single center. Second, the number of patients was almost certainly too small to draw sweeping conclusions about REM SDB in the Japanese population as a whole. Therefore, our results must be confirmed in multicenter studies in the future.
